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FREEZER WITH IMPERFORAT E 
CONVEYOR BELT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to cooling devices employ 

ing conveyor belts for use in a continuous cooling operation, 
and in particular to freezers having a tunnel enclosure. 

2. Description of the Related Art 
Continuous process freezers and coolers have been 

employed for a variety of different products and are exten 
sively employed in various food industries. For example, 
freeze‘dried coffee, processed ?sh and meat parts are chilled 
or frozen in tunnel apparatus, using a variety of different 
coolant media. Brine solutions have been employed in these 
applications for some time, but cryogenic coolants such as 
liquid cryogen are becoming increasingly popular. Tunnel 
enclosures offer advantages of economical space utilization, 
and operational ?exibility, since different cooling zones can 
be installed within the apparatus, to provide a continuous 
treatment of product as it travels through the tunnel enclo 
sure. 

Brine coolants offer signi?cant disadvantages for process 
ing food products. For example, contact between the brine 
solution and the food product must usually be avoided, and 
the viscosities of brine solutions change greatly over typical 
operating temperature ranges, thus complicating the How 
handling equipment needed to circulate the brine solution. 
Cryogen coolants such as liquid nitrogen spray and bath 
treatments do not suffer from these drawbacks, and conse 
quently are receiving widespread acceptance throughout the 
food industry. Cryogenic cooling can be carried out with 
conventional, readily available equipment and the viscosi 
ties and other physical properties of cryogenic coolants are 
well behaved over their typical operating ranges. Further, 
cryogenic coolants such as carbon dioxide snow and liquid 
nitrogen can be applied directly to food products without 
risk of contamination or deterioration of the product quality. 
Thus, economical direct contact spray and bath treatments of 
food products are possible with cryogenic coolants. 

In cryogenic freezer tunnels and in other types of enclo 
sures employing cryogenic coolants, the atmosphere is cir 
culated using a plurality of fans, and circulations within 
enclosures are optimized to achieve different objectives. A 
typical purpose of such enclosures is to treat product carried 
on an endless conveyor belt which occupies the majority of 
interior volume within an enclosure. In order to minimize 
disturbance of desirable ?ow currents set up within an 
enclosure, so-called forarninous or perforate belting has 
been employed to convey products through an enclosure. 
Signi?cant improvements in cooling rates can be achieved 
for a wide variety of food products using perforate conveyor 
belts; however, there are a substantial number of food 
products which are unsuitable for use with perforate con 
veyor belts. Examples of such products are chocolate, soup, 
semi-liquid foods, coffee extract, dough products and very 
small size or crumbly protein foods, such as processed meat 
and ?sh. It is desirable that such products be cooled using 
direct contact cryogenic techniques, and advances are being 
sought in this ?eld. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide appa 
ratus for continuously cooling and freezing a wide variety of 
products, including food products. 

Another object of the present invention is to provide 
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2 
cooling and freezing apparatus of the above type which is 
suitable for use in conventional tunnel enclosures. 

A further object of the present invention is to provide 
cooling and freezing apparatus suitable for use with liquid, 
friable, frangible and other types of products which are 
unsuitable for use with perforate conveyor belts. 

These and other objects of the present invention, which 
will become apparent from studying the appended descrip 
tion and drawings, are provided in a freezer, comprising: 

an enclosure having an inlet end and an outlet end; 

a conveyor belt having a substantially solid surface with 
top and bottom runs and formed in an endless loop; 

a coolant bath below said top conveyor run; and 

means for directing at least a portion of the bottom 
conveyor run through the coolant bath. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an end view of freezer apparatus according to 
principles of the present invention. 

FIG. 2 is a cross-sectional view taken along the line 2—-2 
of FIG. 1. 

FIG. 3 is a cross-sectional view taken along the line 3-3 
of FIG. 2. 

FIG. 4 is a cross-sectional view taken along the line 4——4 
of FIG. 2. 

FIG. 5 is a cross-sectional view of an alternative embodi 
ment of the freezer apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIGS. 1 and 2 show a freezer apparatus generally indi 
cated at 10, having a tunnel con?guration. Although refer 
ence is made to a “freezer” apparatus, it will be readily 
appreciated by those skilled in the art that the present 
invention could also be used for the cooling or chilling of 
products, rather than freezing, and such is intended. 

Apparatus 10 includes a tunnel enclosure generally indi 
cated at 12, including a removable cover 14, an entrance end 
wall 16, an exit end wall 18, a ?oor 20, and sidewalls 22. A 
product feeding device schematically indicated as a dis 
penser 24 feeds individual products 26 into an inlet opening 
28 formed between wall 16 of the enclosure and a vapor darn 
17. The products are carried through the freezer apparatus by 
a conveyor generally indicated at 32, and pass through an 
exit opening 34 in wall 18 so as to be carried downstream by 
an external conveyor 36, located outside of the freezer. 

The conveyor 32 includes a conveyor belt 40 fonned in an 
endless loop, so as to have upper and lower runs 50, 52, 
respectively, as can be seen in FIG. 2. According to one 
aspect of the present invention, the conveyor belt 40 is 
preferably of nonforaminous or imperforate construction. 
For example, the conveyor belt 40 can be made of stainless 
steel or other metallic materials, as well as plastic materials 
such as TEFLON, fabric materials, or composite construc 
tions which can successfully withstand cryogenic tempera 
tures, which are compatible with the products 26 being 
treated, and which is otherwise suitable for the intended 
application. In the most preferred embodiment, the conveyor 
belt 40 is made of a solid sheet of stainless steel, or solid 
sections of stainless steel which are hinged or otherwise 
secured together to form the endless loop, as shown. 

The belt loop has an inlet end where belt 40 passes over 
a roller 44, and an outlet end where belt 40 passes over a 
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roller 46. In the preferred embodiment illustrated in FIG. 2, 
the rollers 44, 46 have horizontal tangent lines aligned in a 
common horizontal plane, so that the upper run 50 of the belt 
loop is generally horizontal. As shown, the rollers 44, 46 are 
of dissimilar size, although this is not essential to practicing 
the present invention. The smaller roller 46 is employed at 
the downstream end to provide a convenient mode of 
transitioning the lower run 52 of the belt loop from an 
elevated downstream end to a lowered or depressed 
upstream end. 
As can be seen in FIG. 2, the lower end of roller 44 is 

located a substantial distance below the lower end of roller 
46. The rollers 44, 46 are mounted for rotation about their 
respective axes, and as shown in FIG. 2, the roller surfaces 
are closely spaced to their respective end walls 16, 18. If 
desired, the rollers could be spaced a small amount from 
their adjacent end walls, and could be biased by springs, 
such as compression springs 56, 58, if desired, to provide 
tensioning of the conveyor belt, as well as a means for ready 
removal and installation of a conveyor belt in the freezer 
apparatus. When employed, the compression springs 58, 60 
bias the rollers 44, 46 in directions apart from one another 
so as to increase belt tension. The compression springs also 
accommodate contraction of the conveyor belt due to shrink 
age caused by low temperatures within the freezer apparatus. 
The lower run 52 of the belt loop follows a path de?ned, 

in part, by idler rollers 64, 66. If desired, the idler rollers 64, 
66 could be mounted in a ?xed position, relying on the 
tensioning force provided by springs 58, 60. However, it is 
preferred that the idler rollers 64, 66 be spring-loaded by 
springs 68, 70 to further increase belt tension. 

If desired, the compression springs 58, 60 could be 
replaced by nonresilient tensioning means such as threaded 
shafts for adjustably positioning the rotational axes of rollers 
44, 46 so as to adjustably control the spacing between them. 

According to an aspect of the present invention, the upper 
run 50 of the conveyor belt is cooled from below by 
upwardly directed coolant sprays. In the preferred embodi 
ment, spray nozzles 74 are fed from a common manifold 76 
to receive a suitable coolant, preferably liquid nitrogen. The 
pressure and volume of the nozzles 74 is regulated by a 
control unit 80 which receives liquid nitrogen through 
supply line 82 connected to an external source of the 
cryogen coolant. A control unit 80 preferably includes a 
liquid level sensor 82, as will be discussed herein. The liquid 
nitrogen is sprayed against the underside of the conveyor 
belt, and excess coolant is collected in a tank 84 located 
below the nozzle 74. According to one aspect of the present 
invention, the control unit 80 ensures an amount of over 
spray from nozzle 74 su?icient to maintain a level in tank 84, 
as sensed by level sensor 82. 

The idler roller 66 is located below the lower horizontal 
tangent line of roller 46 and cooperates with roller 44 to 
de?ne a depressed portion of belt travel in the lower run 52. 
Preferably, the idler roller 66 is located within tank 84, and 
thus the depressed portion of the bottom conveyor run is 
immersed in the liquid coolant within tank 84, to provide a 
refrigerating bath for the conveyor belt. Preferably, the 
refrigerating bath is located immediately upstream of the 
freezer inlet 28 in preparation to receive product entering the 
freezer. 

As shown in FIG. 2, it is generally preferred that roller 44 
also be located within tank 84 and the coolant bath therein. 
If desired, the heat capacity of roller 44 can be controlled, as 
desired. For example, the roller 44 can be of relatively 
massive construction to provide additional thermal inertia 
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4 
for the conveyor belt at the inlet end of the freezer. Alter 
natively, the roller 44 could be made of less massive 
construction and could even be made of a thermal insulating 
material, if desired. As a further alternative, the roller 44 
could comprise the outer surface of a drum containing 
suitable coolant, such as an additional quantity of liquid 
nitrogen. In any event, the conveyor belt is cooled imme 
diately prior to its reception of product to be treated. 
Preferably, the conveyor belt and cryogen bath and tank 84 
are selected so as to instantly freeze the bottom surface of 
product being placed on the conveyor belt, to accelerate the 
freezing process, and to reduce the dwell time necessary for 
freezing treatment of a wide variety of commercially impor 
tant products. Heat transfer advantages have been provided 
for product interfaces which are rapidly frozen so as to 
provide a thermal conduction path toward the product inte 
rior. 

Although not required, it is preferred that the conveyor 
belt have a smooth outer surface in order to achieve a 
number of advantages. For example, a smooth outer surface 
with instantaneous or very rapid freezing upon contact with 
the belt surface imparts a carefully controlled solidi?ed 
shape for amorphous food products such as co?fee extract, 
and pureed and ground foods, for example. Further, a 
smooth outer belt surface eliminates problems associated 
with belt marking. This is important for soft or delicate 
products such as candy, cookies, dough products, for 
example, which are being frozen. Belt marking is objec 
tional in a wide variety of products and reduces the product 
value. Further, a smooth outer belt of the conveyor belt 40 
preserves the appearance and product weight of high value 
foods such an marinated meat and poultry, ?sh ?llets, 
waffles, and red meats. 
A smooth outer surface, especially coupled with rapid 

freezing upon contact with the belt surface, helps to ensure 
a clean release of the product at the exit end of the freezer 
apparatus, without plug-like portions being ripped out of a 
product surface, as might occur when so~called open or 
perforate conveyor belts are inappropriately used with deli 
cate products which tend to mold around comers and edges 
of the belt links. Further, a solid conveyor belt with a smooth 
product~contacting surface prevents product from ?owing 
into cavities of the conveyor belt, being wedged therein 
when frozen. 

As can be seen from the brief discussion here, food 
products present a wide variety of different delicate features, 
each requiring di?’erent considerations when designing a 
commercially e?icient freezer apparatus. As a ?nther 
example of a delicate food product (i.e., delicate in different 
ways from that discussed above), wet marinated poultry has 
a relatively dense interior constitution which requires a 
substantial amount of cooling to treat the core portions of the 
product. When the wet, marinated poultry is maintained with 
its outer skin, it has been observed that the forces holding the 
skin onto the frozen poultry are relatively weak, and that the 
skin can be easily torn from the surface of the relatively 
massive product, with a consequent reduction in product 
value. 

An overhead spray system is also incorporated in the 
freezing apparatus of the preferred embodiment. FIG. 2 
shows a series of spray heads 90 coupled to a common 
header 92, to receive coolant (preferably liquid nitrogen) 
?ow under the regulation of a control unit 96. Control unit 
96 receives liquid nitrogen from a supply connection 98 
coupling the control unit 96 to a coolant source. Preferably, 
the connections 82, 98 couple the respective control units 
80, 96 to a common source of liquid nitrogen, and thus, 
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preferably, the same cooling media is used above and below 
the upper conveyor run, although this is not necessary. 
The control unit 96 includes a temperature sensor 102 

which senses the interior temperature of the enclosure, at a 
point downstream of the nozzles 90. A plenum 106 is 
preferably provided to circulate the cooling atmosphere 
above the conveyor belt, and to provide cryogen control at 
the inlet and outlet openings 28, 34 of the enclosure. The 
plenum is preferably located in cover 14 and includes a 
blower 108 which circulates an atmosphere ?ow across the 
upper conveyor belt run, in the same direction as that of the 
conveyor belt travel. Deflector shields 112, 114 are provided 
at the outlet and inlet ends of plenum 106 to con?ne the 
majority of the atmospheric flow within enclosure 12. The 
pressure and flow conditions set up by blower 108 within 
plenum 106 can provide an effective vapor lock at the inlet 
and exit openings 28, 34, if desired. A small, controlled 
amount of vapor ?ow is allowed to leave the entrance 
opening 28 so as to form a vapor pool 116 immediately 
outside the enclosure entrance. This feature, however, is 
optional and could be omitted if desired. In a similar manner, 
a small ?ow, indicated by arrows 120, is allowed to escape 
the exit opening 34 to form a vapor pool at the enclosure 
exit. However, this vapor pool at the exit end of the 
enclosure is also optional and could be omitted, if desired. 

It is generally preferred that the lower control unit 80 
receive input control signals from a liquid level sensor 82 
and that the upper control unit 96 (when employed) receive 
control signals from a temperature sensor 102. However, 
other control strategies for the cryogen spray could also be 
employed. For example, if it is desired to maintain a certain 
liquid level in tank 84, and the overspray or excess discharge 
from nozzles 74 is undesirable, liquid nitrogen from supply 
line 82 could be directly piped to tank 84 by control unit 80, 
under control of the liquid level sensor 82, in a separate 
piping run, separate from manifold 76. Accordingly, the 
control unit 80 could incorporate a temperature sensor 
within enclosure 12 (for example, immediately underneath 
the upper conveyor run) to provide a control signal for 
regulating the amount of liquid nitrogen fed to manifold 76, 
and thus control of the spray discharge from nozzle 74 and 
of the liquid level in tank 84 could be separated, if desired. 
In this alternative arrangement, the liquid nitrogen pumped 
directly to tank 84 could be routed through roller 44 to 
provide additional cooling for the roller, with the cryogen 
?ow being allowed to run off into tank 84. Also, the level in 
tank 84 could be maintained by allowing nozzles 90 to emit 
an overspray which is collected and channeled to tank 84, 
past the sides of the conveyor belt. For example, gutters 
could be provided along the edges of the upper conveyor 
run, with downspouts leading to the interior of tank 84. 

If desired, collecting plates 78 could be installed under 
neath the upper conveyor run to collect overspray, directing 
the overspray into tank 84. The collector plates 78 could be 
arranged to prevent the spray patterns from interfering with 
one another, thereby optimizing the thermal e?iciencies of 
contact between the sprayed cryogen and the conveyor belt. 
If desired, the collector plates 78 could be made relatively 
massive so as to increase the thermal inertia in the vicinity 
immediately adjacent the conveyor belt. 
A tunnel enclosure has been used to describe the present 

invention, although the present invention could also be 
readily employed with tunnel enclosures having other con 
?gurations, as well as enclosures of different types, such as 
cabinet freezers and helical conveyor freezers. FIG. 5, for 
example, shows an alternative arrangement of a tunnel 
freezer where a conveyor belt 101 passes outside of the 
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6 
insulated enclosure, through an opening 112. 
The drawings and the foregoing descriptions are not 

intended to represent the only forms of the invention in 
regard to the details of its construction and manner of 
operation. Changes in form and in the proportion of parts, as 
well as the substitution of equivalents, are contemplated as 
circumstances may suggest or render expedient; and 
although speci?c terms have been employed, they are 
intended in a generic and descriptive sense only and not for 
the purposes of limitation, the scope of the invention being 
delineated by the following claims. 
What is claimed is: 
1. A freezer for freezing articles, comprising: 
an enclosure having an inlet end and an outlet end; 

a conveyor belt having a substantially solid surface with 
top and bottom runs and formed in an endless loop with 
the articles carried only on the top run, between inlet 
and outlet ends of the enclosure; 

a coolant bath below said top conveyor run; and 

means for directing at least a portion of the bottom 
conveyor run through the coolant bath. 

2. The freezer of claim 1 further comprising a liquid level 
sensor for sensing the level of coolant in the coolant bath, 
and valve controller means responsive to the liquid level 
sensor, for coupling the coolant bath to a coolant supply and 
for controlling the amount of coolant supplied to the coolant 
bath. 

3, The freezer of claim 2 further comprising means 
coupling the coolant spray to said valve controller. 

4. The freezer of claim 2 wherein said conveyor belt 
comprises a metal sheet. 

5. The freezer of claim 1 further comprising an upwardly 
directed coolant spray directed against the top conveyor run. 

6. The freezer of claim 5 further comprising a tank located 
below said coolant spray, with a portion of said coolant 
spray falling into said coolant bath to form at least a part of 
the coolant bath. 

7. The freezer of claim 1 wherein said coolant bath is 
located adjacent the inlet end of said enclosure. 

8. The freezer of claim 7 further comprising a plenum 
above the conveyor belt extending along at least a portion of 
the conveyor belt. 

9. The freezer of claim 7 further comprising a fan in said 
plenum and having a discharge directed opposite of the 
direction of travel of the top conveyor run. 

10. The freezer of claim 1 further comprising an overhead 
coolant spray downwardly directed against the top conveyor 
run. 

11. A freezer, comprising: 
an enclosure having an inlet end and an outlet end; 

a conveyor belt having a substantially solid surface, 
formed in an endless loop having top and bottom runs; 

an upwardly directed coolant spray directed against the 
top conveyor run; 

a coolant bath below said coolant spray collecting coolant 
from the coolant spray; 

directing means for directing at least a portion of the 
bottom conveyor run through the coolant bath. 

12. The freezer of claim 11 wherein said conveyor belt has 
a substantially smooth surface. 

13. The freezer of claim 11 wherein said directing means 
is located adjacent the inlet end of said enclosure. 

14. The freezer of claim 11 wherein a portion of the 
bottom conveyor run is depressed with respect to the 
remainder of the bottom conveyor run by said directing 
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means. 

15. The freezer of claim 11 further comprising overhead 
coolant sprays downwardly directed against the top con 
veyor run. 

16. The freezer of claim 15 further comprising a fan 
means in said plenum and having a discharge directed 
opposite of the direction of travel of the top conveyor run. 

17. The freezer of claim 15 further comprising a plenum 
above the conveyor belt extending along at least a portion of 
the conveyor belt. 

18. A freezer, comprising: 
an enclosure having an inlet end and an outlet end; 

a conveyor belt formed in an endless loop, the conveyor 
belt having top and bottom runs and a substantially 
solid surface; 

an upwardly directed coolant spray directed against the 
top conveyor run; 

a coolant bath below said coolant spray collecting coolant 
from the coolant spray; 

directing means for directing at least a portion of the 
bottom conveyor run through the coolant bath; 

a plenum above the conveyor belt extending along at least 

5 

10 

8 
a portion of the conveyor belt; and 

a fan in said plenum and having a discharge directed 
opposite of the direction of travel of the top conveyor 
run. 

19. The freezer of claim 18 wherein said portion of the 
bottom conveyor run is located adjacent the inlet end of said 
enclosure. 

20. The freezer of claim 18 wherein a portion of the 
bottom conveyor run is depressed with respect to the 
remainder of the bottom conveyor run by said directing 
means. 

21. The freezer of claim 18 further comprising overhead 
coolant sprays downwardly directed against the top con 
veyor run‘ 

22. The freezer of claim 18 further comprising a liquid 
level sensor for sensing the level of coolant of the coolant 
bath, and valve means for coupling an external coolant 
supply to the coolant bath and for controlling the amount of 
coolant supplied to the coolant bath. 

23. The freezer of claim 22 further comprising means 
coupling the coolant spray to said valve means. 

***** 


